. INTRODUCTION
Since the disaster of the Tacoma Narrow's Bridge in 1940, the dynamic analysis of suspension bridges has become of great importance and a lot of investigations have been made. Most of the analytical solutions concerned have relied upon the Rayleigh-Ritz1),2) method-the energy method-or the differential equation method on the basis of both Melan's equation and the cable equation.
However, it is difficult to apply those methods to suspension bridges with arbitrary structural configurations, both in completed and during erection stages.
The oscillation analysis for a suspension bridge can be formulated by a displacement method considering the structure as a set of discrete members.
The method presented by Tezcan5) is applicable to the dynamic problem, and Shiraki 7) has done oscillation analysis utilizing this method. The shortcoming of this method is the difficulty. in the treatment of a stiffening truss with torsional rigidity.
Komatsu and Nishimura9)10) analyzed the oscillation of a completed suspension bridge by Galerkin's method considering the cross sectional distortion of truss. They showed that the torsional frequencies of a long span, truss-stiffened suspension bridge were not affected by the sectional distortion of truss if the cross sectional distortion rigidity was larger than 105 (ton m/m). However, other effects such as the influence of a centerstay and the inclination of hangers were not dealt with in their work.
In this paper, a stiffness equation for a stiffening truss is derived from the basic torsional equations by Vlasov3), by making use of the fact that an ordinary cross section of a long span suspension bridge is regarded as rigid, while cables and hangers are presumed as a set of bars subjected to axial forces14). Then, a procedure of torsional oscillation analysis in suspension bridges by a displacement method is presented utilizing the above-mentioned stiffness equations. According to the present method, the torsional analyses of suspension bridges with arbitrary configurations are easily made. For example, we can analyze suspension bridges with two-hinged or continuous type of stiffening truss, center-stay, centertie, tower-stays, diagonal hangers, etc., either in the completed or erection stages.
. STIFFNESS EQUATION FOR STIFFENING TRUSS
If a stiffening truss of a suspension bridge is replaced by a rectangular box girder, the following assumptions can be made; Assumption 1: The cross section of the stiffening truss is biaxially symmetric. Assumption 2: The cross section of the stiffening truss is rigid. Assumption 1 means that torsional equations of the stiffening truss can be separated from bending equations of the stiffening truss. Assumption 2 is introduced to simplify the problem. Komatsu and Nishimura referred to effects of sectional distortion rigidity of the truss on torsional frequencies of a long span, truss-stiffened suspension bridge. They showed that period errors in the first symmetric and asymmetric modes were less than 1%, but those in higher modes became larger than 1% in the case that sectional rigidity was about 105 and 106 (ton m/m).
In this paper, we presumed that the cross section is rigid, because influential modes in wind resistant design are the first symmetric and asymmetric modes, and ordinary sectional distortion rigidity is larger than 105 (ton m/m). So if the effects of cross sectional distortion are not neglected, the stiffness equation presented in references 10) and 13) should be used.
In the first place, the plane lattice system is replaced by an equivalent thin plate to cause the same shear deformations.
The equivalent plate thickness for two typical frames is seen in Table  1 . Those chord members are regarded as stiffeners at the four corners of the box girder as shown in Fig. 1 
where 
If Eqs. (3) and (4) are expressed in the form of f(x), the generalized displacements U(x), 0(x) and 6(x) will be expressed as follows. ( 9 Prior to the oscillation analysis for the suspension bridge, hanger intervals should be properly widened in order to reduce the number of degrees of freedom.
Thus a new equilibrium configuration and forces due to dead loads should be established by the finite deformation theory.
The displacements of the suspension bridge are defined as shown in Fig. 5 . The following stiffness equations for both cables can be derived by using assumption 3 and reference 14). The notations in these equations are shown in Fig. 6 . (24b)
The above two Eqs. (24a) and (24b) 
where Fig . 7 Equilibrium at Section i.
From Fig. 8 as well as Eqs. (33) and (34), it is found that an oscillation analysis for a suspension bridge is possible by the displacement method for plane framed structures with arbitrary configurations.
In that analysis several assumptions are made, i.e. the cables and hangers are regarded as bars with tensions, and the stiffening truss is regarded as a beam (not beam-column) subjected to axial forces. Therefore, that analysis is theoretically applicable not only to suspension bridges but also to cable stayed bridges. 
CONSIDERATION BY NUMERICAL CALCULATIONS
The design factors of suspension bridges vary widely according to design methods, loads, natural conditions, etc. So the effects of various design factors on the torsional frequencies may be different for individual bridges.
In this paper, a bridge which is regarded as a standard long span suspension bridge with a center span length of Tables 2  and 3 , respectively. The moments of inertia of stiffening truss and cables are shown in Table 4 , Table 2 Properties of Members. Table 3 Dead Loads. 6) Comparing Case 4 with Case 8, the influence of the spring constants of the tower is found to be little in both the symmetric and the asymmetric modes. Consequently, the effect of the spring constants of the tower alone should not be expected in long-span suspension bridges. 7) It has been said that4) torsional frequencies of suspension bridges with a center-stay or centertie are greatly affected whether or not one takes into account torsional rigidities of the towers. In Case 9, the effects of both the spring constants of the towers and the center-stay are taken into consideration.
Comparing Case 9 with Case 6 (with center-tie), both effects are almost the same degree. Although the case, in which both the center-tie and the spring constants of the towers exist, is not treated, the effects of those are expected to be larger than in Case 9. 2) Bi-moment of a truss is estimated practically as the balance of force between truss, hangers and cables. Thus, influences of diagonal hangers, center-stay or tie, longitudinal inertial masses of cable, etc. can be analyzed more easily and correctly than has ever been done before.
3) The matrix method is used for the torsional oscillation analysis of suspension bridges. The stiffness equation of such a bar member subjected to axial forces as cables, and the stiffness equation for a stiffening truss are firstly derived. This method is applicable to the torsional oscillation analysis for arbitrary suspension bridges, both during erection and in completed stages.
4)
In long span suspension bridges without a center-stay, it is permissible to neglect the influences of longitudinal inertial masses of cables and out-of-plane, transverse resistance of hangers for the estimation of torsional oscillation periods. 5) When a center-stay is equipped in a suspension bridge, the torsional oscillation periods should be calculated with the practical cross sectional area and lengths of the center-stay members, considering the spring effect of the tower and longitudinal, inertial masses of cable. If the analysis is made with a rigid connection condition as in the conventional theories, one may get an unfavorable estimation for periods, namely shorter periods than the true ones. 6) In calculating the torsional oscillation periods of a suspension bridge without a center-stay, the conventional methods based on the deflection theory including the Rayleigh-Ritz method have sufficient accuracy. 
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